An experimental survey of rare earth oxides for use in thin film capacitors has been completed. Dielectric properties measured at 300K are reported for thermally evaporated oxides 300 to 6000 A in thickness of the metals, La, Ce, Pr, Nd, Sm, Gd, Dy, Ho, Er, Yb; Y, So, and also, V. Thin evaporated aluminum electrodes were utilized to impress voltages in the range zero to 75 V across the oxide layers. Dielectric breakdown strengths in excess of 5 x 106 V/cm were observed. Relative dielectric constants measured for the oxides range from two to twenty, and measured capacitances were as high as 156 x 10 -9 F/cm2. The oxides of Ce, La, Nd, Gd, Pr, and Er show the most promise as potential materials for use in thin film capacitors.
INTRODUCTION
Harrop provides an excellent elementary introduction to the field of dielectrics, while the monumental compilation of reviews of the various aspects of preparation, nature, properties, and applications of thin film technology edited by Maissel and Glang 2 constitutes an authoritative reference work on the many technical aspects of thin, film capacitor materials. Thus it would be superfluous to go into these matters in any detail in this short paper. Gerstenberg a as an example, has given a beautiful discussion of the properties and experimental factors which influence the quality of thin film capacitors.
Among the many properties which can be considered are capacitance per unit area, dissipation factor for dielectric loss ( 
General
Electron diffraction patterns showed that the starting materials (see Table I material for thin film application. From Table II it can be seen that dysprosium and holmium oxide both exhibit good dielectric properties. However the difficulty experienced in evaporating these oxides along with a low figure of merit caused these oxides to be excluded from the list of those considered to be promising. Optimization of these parameters should lead to a more reliable capacitor. The first step would be to determine the functional dependence of dielectric constant, breakdown strength, and the overall performance of a capacitor on each of these parameters. The role of impurities could be determined by pumping an ultra-high vacuum system to 10 -1 o torr or lower and then introducing a selected gas into the system to a partial pressure similar to the background partial pressure of this particular gas in a conventional 10 -6 torr evaporator. Evaporation and subsequent measurement would then be carried out according to standard procedure.
SUGGESTIONS FOR FURTHER STUDY
A general lack of understanding of the current transport and dielectric breakdown mechanisms in thin film capacitors suggest the initiation of further basic experiments along these lines. A particularly fruitful experiment would be to determine the gaseous and solid products given off from a capacitor during breakdown. This could be accomplished by continuously monitoring with a quadrapole residual gas analyzer the gases ejected into an ultra-high vacuum during dielectric breakdown. The ultra-high vacuum system is necessary to prevent background gases from masking the volatile decomposition products of dielectric breakdown. Following breakdown, the neighborhood of the breakdown spot should be analyzed using x-ray diffraction techniques to ascertain the degree to which the oxide and electrode material have crystallized, recrystallized, or chemically reacted. The role of conduction channels, heating, and subsequent decomposition of the dielectric material should be clarified by such experiments.
